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Abstract  
A computational fluid dynamics (CFD) analysis has been 
performed for a flat plate photocatalytic reactor using CFD code 
FLUENT. Under the simulated conditions( Reynolds number , Re 
around 2650), a detailed time accurate computation shows the 
different stages of flow evolution and the effects of finite length 
of the reactor in creating flow instability, which is important to 
improve the performance of the reactor for storm and wastewater 
reuse. The efficiency of a photocatalytic reactor for pollutant 
decontamination depends on reactor hydrodynamics and 
configurations. This study aims to investigate the role of different 
parameters on the optimization of the reactor design for its 
improved performance. In this regard, more modelling and 
experimental efforts are ongoing to better understand the 
interplay of the parameters that influence the performance of the 
flat plate photocatalytic reactor.  
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1. Introduction  
Reuse and recycling of storm and wastewater effluent is 
recognized to be a strategic approach by water utilities 
both in Australia and in other parts of the world to 
minimize the growing water demand in a water scarce 
environment [1]. However, the presence of toxic organic 
compounds such as pesticides, herbicides and pathogens in 
storm and wastewater effluent is still a major impediment 
over a wide spread acceptance of water recycling [2]. 
Developing methods for storm water purification to enable 
its reuse has become an urgent and important issue within 
the wider water recycling paradigm. In response to the 
inadequacy of conventional water purification processes, 
heterogeneous photocatalytic oxidation process employing 
TiO2 and UV light has emerged as a promising new route 
to destroy a wide spectrum of recalcitrant organic 
substances. Understanding the detailed flow field in a 
reactor is of importance for the design and optimization of 
a photocatalytic reactor for water purification [3, 4]. 
Optimization of a reactor system often leads to significant 
savings in energy and construction costs. Such 
optimization requires accurate models of the flow structure 
within the reactor. There have been few investigations that 
have demonstrated the role of reactor hydrodynamics on 
the performance of photoreactor for water disinfection 
since it affects the radiation distribution in a photoreactor 
[5-8]. Despite the numerous benefits of photocatalysis and 
extensive lab-scale investigations in this field, the 
development of large scale photocatalytic oxidation 
reactors for water treatment has not yet been successful. 
Lack of suitable models and simulation tools for predicting 
and analysing the performance of full-scale systems, and 
therefore lack of adequate scale-up strategies, is among the 
key factors hindering the development of commercial 
water treatment systems utilizing this technology [9-11]. 
The application of CFD has widely shown to be a very 
promising tool in the design, optimization, and scale-up of 
reacting systems, since it can compute velocity, pollutant 
concentration, and other complementary fields inside the 
reactors. As a result, CFD modelling of scaled-up reactors 
would give invaluable information about the performance 
of the photoreactor prior to the final experimental 
validation by minimizing experimental effort and 
fabrication costs at the pilot-scale level [9]. This study 
aims to provide detailed information on the flow field of a 
flat plate photocatalytic reactor using Volume of Fluid 
(VOF) method.   
1.1 Reactor Geometry 
A 2D computational domain of the reactor used in the 
CFD analysis is illustrated in Fig.1. The reactor consists of 
three parts; inlet, reactive area and the outlet. A parabolic 
diffuser was designed for the region between the inlet and 
the reactive area (100x220mm)) of the reactor. The width 
of inlet and out let was set at 4mm. This configuration was 
chosen to minimize the flow separation and to minimize 
the presence of dead and recirculating zones within the 
reactor [12]. The shape of the reactor outlet was selected 
to minimize the volume of construction material and to 
reduce the manufacturing complexity of the device. The 
reactor geometry was created using GAMBIT 2.3.16 
(Fluent Inc) and was discretized to a sufficiently large 
number of 513, 537 cells. 
 2 
 
 
Fig.1 Top view of the 2D computational domain  
1.2 Modeling equations 
The VOF approach is employed to simulate the fluid 
domain of the reactor based on the Navier-Stokes 
equations, which are given for the mixture phase [13]. The 
continuity equation is given below, 
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In this study, a single momentum equation governed the 
flow in the reactor is solved throughout the entire domain, 
and the resulting velocity is shared among the phases. The 
momentum equation depends on the volume fractions of 
all phases through the properties and is given by, 
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Where u  is velocity vector (m/s), p is the pressure (Pa),   
is the viscous stress tensor, g is the gravitational force 
(m
2
/s),   is the density (kg/m3) and   is the viscosity 
(Pa.s). The source term Fsf , represents the surface tension 
force acting on the air -water interface. 
The motion of the interface between two immiscible fluids 
(air and water) of different density and viscosity is tracked 
by the solution of a continuity equation for the volume 
fraction ( ) of the air, is as follows, 
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The volume fraction equation is not solved for the primary 
phase (air). The primary phase volume fraction is 
computed based on the following limit, 
2 1 +  =1              (4) 
The properties of air and water in the transport equations 
are determined by the presence of the component phases in 
each volume. In an air-water system, the volume fraction 
of the secondary phase (water) is being tracked and the 
mixture properties of the air d water phases based on the 
volume fraction weighted average are used [13]. The 
density and viscosity in each cell at interface are calculated 
by the following equations: 
                    2 2 2 1  + 1               (5) 
 2 2 2 1 =  + 1               (6) 
1.3 Solver approach 
To limit computational power requirements, a 2D 
pressure based-segregated solver with first order unsteady 
formulation was used for the two-phase modelling. Geo-
Reconstruct, a time dependent with the geometric 
reconstruction interpolation scheme in FLUENT was 
applied for the time–accurate transient behavior of the 
VOF solution and the 2
nd
 order up-wind differencing 
scheme was used to overcome numerical diffusion. The 
pressure-velocity-coupling scheme was resolved with 
SIMPLEC algorithm. This scheme allows for an improved 
convergence since the governing flow is laminar [13]. 
Pressure was discretized with a PRESTO scheme because 
of its strong convergence capability. 
1.4 Boundary Conditions 
For the purpose of simulation, no slip boundary condition 
was specified at the side walls. At inlet and outlet, the 
VELOCITY-INLET and PRESSURE-OUTLET boundary 
conditions were imposed respectively. The initial velocity 
was assumed to be 0.663 m/s. The operating pressure at 
the inlet was set to 70,000 Pa and the pressure at the outlet 
was specified to be 101,325 Pa. 
2. Results and Discussion 
 
2.1 Comparison between the modeling and 
experimental results 
In order to validate the results predicted by CFD modeling, 
simulation results are compared to that obtained 
experimentally for the entire simulation time. As shown in 
Fig.2, both experimental data and CFD modeling differ 
slightly until 2.5s. Such difference can be attributed to the 
variation in the reactor width at the inlet zone. However, 
after 2.5s, the simulation results stabilized and a good 
agreement between the experimental and simulation results 
(within 9% variation) was observed for the span of 
simulation time from 2.5s to 9s. 
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Fig.2 Comparison of CFD simulation results with 
experimental results 
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 2.2 Velocity Profiles at Reactor Inlet   
Since velocity profiles are important for the 
characterization of the reactor performance, simulations 
have been performed for a flow rate 0.5 L/min (Re=2650) 
to investigate the fluid dynamics in the flat plate 
photocatalytic reactor. Fig.3a and 3b shows the magnitude 
of velocity vectors at the reactor inlet after 2.77 and 5.99s 
respectively. It can be observed that the velocity vectors 
are rapidly changed to nearly uniform flow as the flow 
passes throughout the inlet zone. The presence of small 
vortices in the inlet zone essentially suggests that the 
majority of flow pattern is predominantly axial. The 
maximum velocity after 5.99s at the inlet is observed to be 
higher (0.728 m/s) compared to after 2.77s (0.615 m/s). At 
the reactor inlet, the velocity vectors after 5.99s appears to 
be parallel relative to those of after 2.77s. No stagnation 
zone is seemed to be present on the inlet zone under the 
conditions simulated. 
 
 
 Fig.3a Inlet velocity vectors (m/s) after 2.77s 
 
 
 
Fig.3b Inlet velocity vectors (m/s) after 5.99s 
 
2.3 Velocity Profiles at Reactor Outlet 
Fig.4 and 4b presents the magnitude of velocity vectors at 
the reactor outlet after 2.77 and 5.99s respectively. It can 
be seen that the velocity vectors are gradually changed to 
nearly uniform flow as the flow moves towards the reactor 
exit. No noticeable vortices seem to exist on the outlet 
zone. The small vortices in the outlet zone indicate that the 
major fraction of flow is primarily axial. The velocity 
vectors after 5.99s at the reactor exit is comparatively 
higher than after 2.77s.  At the reactor outlet, the velocity 
vectors after 5.99s seems to be parallel compared to after 
2.77s. 
 
Fig.4a Outlet velocity vectors (m/s) after a) 2.77 
 
 
Fig.4b Outlet velocity vectors (m/s) after 5.99s 
2.4 Velocity Profiles of Reactive Area 
The velocity vectors of the reactor outlet after 2.77s and 
5.99s are shown in Fig. 5a and 5b respectively. The 
velocity vectors appear to change gradually to nearly 
uniform flow as the flow moves towards the reactor exit. 
No noticeable vortices seem to exist at the outlet zone. The 
small vortices in the outlet zone indicate that the major 
fraction of flow is primarily axial.  The velocity vectors 
after 5.99s at the reactor exit is comparatively higher than 
after 2.77s.  At the reactor outlet, the velocity vectors after 
5.99s seems to be parallel compared to after 2.77s. 
            
 
     
Fig.5 Vectors of velocity (m/s) of the reactive area  
 a) 2.77s and b) 5.99s 
a) 
a) 
b) 
b) 
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2.5 Stream function and velocity distribution 
along the reactor length 
The stream function and axial velocity distribution along 
the reactor length are shown in Fig.6. It can be noticed that 
the maximum velocity (0.003 m/s) with minor fluctuations 
exists throughout the reactor centre line. Higher velocity 
prevails from the centre line to the lower section compared 
to the upper section of the reactor. In Fig.6, higher velocity 
occurs at the inlet and outlet sections than that of the 
reactive part (207-427m) under the simulated conditions. 
This could be related to the narrowness of the reactor inlet 
and outlet compared to the reactive section of the reactor.   
 
 
 
Fig.6 Stream function along the reactor length 
 
3. Conclusions 
Using CFD code FLUENT, the fluid flow structure of a 
flat plate photocatalytic reactor has been investigated in 
this study. A detailed time-accurate computation shows the 
different stages of flow evolution and the effects of the 
finite length of the reactor in creating flow instability, 
which is essential to better understand the design of the flat 
plate photocatalytic reactor. The efficiency of a 
photocatalytic reactor for pollutant degradation depends on 
reactor hydrodynamics and geometric configurations. In 
this regard, more modelling and experimental efforts are 
continuing to better understand the interplay of the 
parameters that influence the performance of the 
photocatalytic reactor. It should be noted that the results 
presented here is part of a study which will investigate the 
role of different parameters on the performance of the flat 
plate photocatalytic reactor. An expected outcome of the 
project will help develop a better understanding of the 
process to recommend a suitable reactor design with 
optimum operating conditions for storm and waste water 
treatment and reuse.   
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